Stratigraphy and Petrology of the Nooksack Group in the Glacier Creek-Skyline Divide Area, North Cascades, Washington by Sondergaard, Jon Niels
Western Washington University
Western CEDAR
WWU Graduate School Collection WWU Graduate and Undergraduate Scholarship
Spring 1979
Stratigraphy and Petrology of the Nooksack Group
in the Glacier Creek-Skyline Divide Area, North
Cascades, Washington
Jon Niels Sondergaard
Western Washington University
Follow this and additional works at: https://cedar.wwu.edu/wwuet
Part of the Geology Commons
This Masters Thesis is brought to you for free and open access by the WWU Graduate and Undergraduate Scholarship at Western CEDAR. It has been
accepted for inclusion in WWU Graduate School Collection by an authorized administrator of Western CEDAR. For more information, please contact
westerncedar@wwu.edu.
Recommended Citation
Sondergaard, Jon Niels, "Stratigraphy and Petrology of the Nooksack Group in the Glacier Creek-Skyline Divide Area, North
Cascades, Washington" (1979). WWU Graduate School Collection. 849.
https://cedar.wwu.edu/wwuet/849
STRATIGRAPHY AND PETROLOGY OF THE 
NOOKSACK GROUP IN THE 
GLACIER CREEK-SKYLINE DIVIDE AREA, 
NORTH CASCADES, WASHINGTON
A Thesis
Presented to *•
The Faculty of
Western Washington University,
In Partial Fulfillment 
Of the Requirements for the Degree 
Ma’ster of Science
by
Jon N. Sondergaard 
June, 1979
STRATIGRAPHY AND PETROLOGY OF THE
NOOKSACK GROUP IN THE 
GLACIER CREEK-SKYLINE DIVIDE AREA, 
NORTH CASCADES, WASHINGTON
Accepted in Partial Completion 
of the Requirements for the Degree 
Master of Science
___   _______
De chool 
ADVISORY COMMITTEE
by
Jon N. Sondergaard
Chairperson
MASTER'S THESIS
In presenting this thesis in partial fulfillment of the requirements for a master's degree at Western 
Washington University, I grant to Western Washington University the non-exclusive royalty-free right to 
archive, reproduce, distribute, and display the thesis in any and all forms, including electronic format, 
via any digital library mechanisms maintained by WWU.
I represent and warrant this is my original work and does not infringe or violate any rights of others. I 
warrant that I have obtained written permissions from the owner of any third party copyrighted 
material included in these files.
I acknowledge that I retain ownership rights to the copyright of this work, including but not limited to 
the right to use all or part of this work in future works, such as articles or books.
Library users are granted permission for individual, research and non-commercial reproduction of this 
work for educational purposes only. Any further digital posting of this document requires specific 
permission from the author.
Any copying or publication of this thesis for commercial purposes, or for financial gain, is not allowed 
without my written permission.
Name:
Signature:. ---
Date: ^ j ^ ( Y
ABSTRACT
The 6-7 kilometer thick Upper Jurassic-Lower Cretaceous Nooksack 
Group is divided informally into four units on the basis of lithology.
The basal unit consists of tuffaceous sandstone and keratophyric tuff 
with minor intercalations of argillite and intermediate crystalline 
volcanic rocks. The lower unit is composed of interbedded black 
argillite and volcaniclastic sandstone. The middle unit consists of 
thick-bedded volcaniclastic sandstone and coarse, sedimentary breccia 
with minor argillite. The upper unit is comprised of interbedded black 
argillite and volcaniclastic sandstone.
Lithologies and sedimentary structures within these units suggest: 
(1) the lower and upper units represent depositional lobe deposits of
a middle fan, and (2) the middle unit represents channel deposits of a 
middle fan.
The dominant pyroclastic texture of the volcanic rocks, the apparent 
magmatic arc provenance of the volcaniclastic sandstones and comparison 
of the Nooksack Group with other ancient and modern deposits suggests 
that the Nooksack Group represents a marginal or fore arc basin related 
to an arc terrane.
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1INTRODUCTION
The type area for the Upper Jurassic-Lower Cretaceous Nooksack Group 
is exposed in the North Fork area of the Nooksack River (Misch, 1966) and 
comprises a portion of the Mt. Baker window on the west flank of the North 
Cascade Mountains of Washington (Fig. 1).
The study area (Fig. 2) lies east of the town of Glacier and south 
of Washington State Highway 542, including Skyline Divide to the east and 
the Glacier Creek drainage to the west.
The Nooksack Group unconformably overlies the Middle Jurassic Wells 
Creek Volcanics and underlies either the Church Mountain thrust plate 
(composed of the Upper Paleozoic Chilliwack Group) or the Chuckanut Forma­
tion (Fig. 2). Where the Chuckanut Formation lies directly upon the 
Nooksack Group, the intervening thrust plates have been completely eroded. 
Thrusting is Cretaceous, post-dating Lower Cretaceous (upper Valanginian) 
Nooksack Group and pre-dating late. Upper Cretaceous (Misch, 1966) to 
Eocene (Frizzell, written communication, 1979) Chuckanut Formation.
The Nooksack Group occupies a special position in the geologic history 
of the North Cascades. It represents the last episode of deposition before 
the major orogenic event which caused large-scale thrusting and regional 
metamorphism. The Nooksack Group is postulated to be autochthonous 
(Misch, 1966) in contrast to the allochthonous character of other units 
in the western Cascades (the Chilliwack Group and the Shuksan Metamorphic 
Suite).
The purpose of this research is: (1) to describe the lithology and
stratigraphy of the Nooksack Group in order to determine the environment 
of deposition and to allow regional correlation with other rock units in
2FIGURE 1: Regional geologic setting of the Nooksack Group 
(after Misch, 1966).
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the North Cascades, and (2) to study the nature and degree of metamor­
phism in order to gain information on the tectonic role of the Nooksack 
Group during the orogeny.
Early workers in the area include Daly (1912), who mapped the 
Nooksack Group at the 49th parallel as the Cretaceous Tamihy series, 
and Crickmay (1930), who incorporated the Nooksack Group of this area 
within his "undivided Mesozoic" sequence. The majority of what is pre­
sently known about the type area of the Nooksack Group is a result of 
work by Misch (1956, 1966, 1977), who outlined the major structures and 
geology of the North Cascades.
5STRATIGRAPHY
The Late Jurassic-Early Cretaceous age of the Nooksack Group was 
determined by Jeletzky (1965) from marine megafossils (Buchia, belemn) 
collected by Misch. The majority of the section is upper Jurassic 
(Keroher, 1966). Rb/Sr determinations from rocks of the lower and 
middle units yield 142 ± 17 million years (R. L. Armstrong, oral communi­
cation, 1979) and confirm the fossil dates.
The classification of the Upper Jurassic-Lower Cretaceous rocks of 
the North Fork area of the Nooksack River as a group was proposed by 
Misch in 1954 and published by McKee ^ al^. in 1956 (Keroher, 1966).
The subdivisions used in this paper are informal due to the difficulty 
in finding and tracing contacts between units. An interpretative strati­
graphic section for the Nooksack Group in the Glacier Creek-Skyline 
Divide area is shown in Figure 3. Total thickness, difficult to determine 
because small-scale folds may thicken the lower unit, is estimated to be 
a minimum of 5800 meters and a maximum of 7300 meters.
The basal unit consists of approximately 820 meters of thick-bedded, 
medium to coarse grained tuff, tuffaceous sandstone and crystalline 
volcanic intercalations, with minor argillite and conglomerate. The 
basal conglomerate of the Nooksack Group was first recognized by Misch 
(1966, 1977) to the east of my study area, where it contains volcanic, 
chert and rare granitic clasts. According to Misch (1977), this conglo­
merate does not extend to the west,into my study area. The basal breccia 
of this study is 45 to 60 meters thick and somewhat different from that 
recognized by Misch and is probably not continuous with it. The contact 
between the breccia and the underlying Wells Creek Volcanics appears to
Tch
Alluvial deposit of arkosic sandstone 
siltstone and coal,
upper JKnu
Interbedded black siltstone and 
volcaniclastic sandstone. Numerous 
turbidites near the bottom.
middle JKnm
Coarse sedimentary breccia composed 
predominantly of black siltstone 
clasts.
Thick-bedded, volcaniclastic 
sandstone.
• • • •
• • • •
lower ' JKnl
Interbedded black siltstone and 
volcaniclastic sandstone with minor 
marl and pebble conglomerate.
basal JKnb
•".V.*. Interbedded volcaniclastic sandstone, 
siltstone and tuff.
Volcanic flow and dike rocks.
Basal breccia
4 ^ '
<
Jwv
Andesitic flows, breccias and
volcaniclastic sediments.
FIGURE 3: Interpretive stratigraphic section of the Nooksack
Group in the Glacier Creek-Skyline Divide area.
7be sharp. Where the contact is seen, the breccia overlies tuff. The 
contact of the basal unit with the lower unit is sharp and marked, at 
least locally, by a thin (2 meters) conglomerate (Fig. 4)V
The lower unit appears to be the thickest subdivision of the 
Nooksack Group. The calculated thickness of 2300 meters may represent 
thickening due to folding. The minimum thickness of 800 meters may be 
closer to the true depositional thickness if small-scale folds have 
appreciably thickened this unit. The lower unit is very fossiliferous 
(Buchia, belemnoids) and consists of interbedded sandstone and argillite 
with minor marl and conglomerate. The contact with the middle unit 
could not be clearly ascertained due to lack of outcrop, but may be 
gradational.
The middle unit (1400 meters thick) is comprised mainly of thick- 
bedded sandstone and coarse sedimentary breccia with thinner beds of 
siltstone. This unit is highly fossiliferous (Buchia, belemnoids, 
worm tubes). The contact between the middle and upper units is not 
exposed in my study area.
The upper unit consists of 1300 meters of fossiliferous, inter­
bedded sandstone and argillite. The thickness given is probably less 
than the original, pre-orogenic thickness due to removal by Cretaceous 
thrusting, as suggested by Misch (1966).
Figure 
4 :Sketch of roadcut exposure of the contact betw
een the basal 
and
low
er units (U.S.F.S. 
road 3907, 
T39N, 
R7E, southeast corner of
section 1).
8
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9STRUCTURE
The major structures within the study area are north to northwest 
trending, large-scale, open upright folds. The axis of a large anticline 
trends north, roughly paralleling Skyline Divide (Plate 1), and plunges 
gently (15-20°) to the south. The anticline is responsible for the 
outcropping of Wells Creek Volcanics, which occur at the core of the 
structure. The syncline to the west plunges steeply (40-60°) to the 
north. The limbs of both structures are relatively steep, dipping 40- 
70°, and are locally vertical.
Figure 5 is a Pi diagram of bedding attitudes within the study area.
The section of Nooksack Group studied lies totally along the westerly 
dipping limb of the large anticline, as is reflected in the diagram.
The circles represent attitudes of disrupted strata that are generally 
on strike with the Church Mountain thrust as it descends from the south 
side of Church Mountain. The X's represent bedding plots from an area 
(U. S. Forest Service Road 3907 and Thompson Creek) where smaller-scale 
folds are suspected. Although these plots exhibit some deviation from 
the large-scale structures, the data are too scant to prove small-scale folds 
exist. These folds are shown as questionable on the cross-section 
(Fig. 6; Plate 1) but were considered when computing minimum thickness 
to account for any thickening due to folding.
Associated with the large-scale folding is a pervasive north-trending, 
steeply dipping axial plane cleavage that is exhibited in the less com­
petent, fine grained sediments as closely spaced fracture planes. The more 
competent, coarse grained sediments and volcanic rocks have widely spaced 
fractures or totally lack cleavage. Rare east-west trending s-surfaces
0 on firiko wifh Ibrutf 
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FIGURE 5: Pi diagram of bedding attitudes within the study area.
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occur together with the axial plane cleavage, but are not as conspicuous. 
They are thought to be related to Cretaceous thrusting since they parallel 
the overriding thrust plane.
Only minor faults were seen, with displacement limited to a few 
meters or centimeters. Misch (1977) shows the contact between the 
Nooksack Group and the Chuckanut Formation as a decollement thrust. I 
did not observe the contact; however, the uppermost portions of the 
Nooksack Group exhibit numerous fractures, joints, and minor faults. 
Whether this disruption is due to Cretaceous thrusting. Eocene decollement 
thrusting, or both was not determined.
Generally, the large-scale, open folding does not interfere with 
stratigraphic interpretation. Rocks disrupted by thrusting have main­
tained primary sedimentary features.
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DESCRIPTION OF UNITS 
Basal Unit
Conglomerate/Breed a
The basal breccia is composed primarily of angular to subrounded, 
poorly sorted, volcanic rock fragments, with lesser amounts of volcani- 
clastic rock fragments in a chlorite-mica matrix (Fig. 7). The clasts 
range in size (long axis measured) from 0.1 to 30.0 centimeters. The 
volcanic clasts are white or green, depending upon their composition, 
and the volcaniclastic clasts are black. The larger volcaniclastic 
clasts exhibit bedding (Fig. 8). Where the clasts are elongate a crude 
preferred orientation (long axis parallel to bedding) is developed.
In thin section the majority of clasts appear to be petrographic 
andesite (Fig. 9), i.e., the clasts.are composed of euhedral plagio- 
clase plates and prisms in a felted pattern of microlites (Dickinson, 
1970). Some of these clasts contain chlorite matrix that is apparently 
altered glass (Fig. 10). Some plagioclase crystals are zoned 
(Fig. 11) and most occur in a dark, fine grained groundmass of 
chlorite and plagioclase feldspar. Ferromagnesian minerals are minor 
and have been altered to fine grained chlorite, epidote,and opaques.
White, felsic volcanic clasts are also present. These clasts are 
more equigranular than the andesites and exhibit phenocrysts of plagio­
clase and quartz surrounded by a matrix of finer grained quartz and 
plagioclase feldspar with a mosaic texture (Fig. 12).
A 6 meter thick conglomerate occurs near the top of the basal 
unit. Its composition is approximately the same as the basal breccia
1Figure 7. The basal breccia composed of volcanic (light
green) and volcaniclastic (black) rock fragments.
Figure 8. Bedded volcaniclastic clasts in the basal 
breccia.
15
Figure 9. Andesitic rock fragment of the basal breccia 
exhibiting euhedral plagioclase plates and 
prisms (Sample 74-54; 32X crossed nicols).
Figure 10. Chlorite alteration of glass (center of photo) 
in matrix of volcanic rock fragments (Sample 
74-54; 32X crossed nicols).
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Figure 11. Zoned plagioclase crystal within volcanic 
rock fragment of the basalbreccia (Sample 
74-54; 32X crossed nicols).
Figure 12. Felsic rock fragment with quartz and plagio­
clase phenocrysts in a mosaic groundmass 
(Sample 74-39A; 32X crossed nicols).
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with a slightly greater percentage of felsic clasts and quartz crystals. 
No chert or limestone fragments were observed in either the breccia or 
the conglomerate.
Volcanic Rocks
Crystalline volcanic rock within the Nooksack Group is minor (less 
than 15% of the total) and limited to the basal unit. The two types of 
crystalline rock are distinguishable only in thin section. Both types 
are intermediate in composition however one (74-64B) may be intrusive 
and the other (74-Br) extrusive. The extrusive type is porphyritic, 
vesicular (Fig. 13) and aphanitic. The vesicular, extrusive rock appears 
to be concordant with bedding and may represent submarine lava flows. 
Thickness of individual flows could not be determined. The intrusive 
rock may represent feeder dikes for these flows; however, stratigraphic 
relationships between the two types-of crystalline volcanic rock were not 
observed.
The chemical compositions of representative volcanic rocks of the 
basal unit are given in Table 1. The samples are a tuff (74-50), an 
intrusive rock (74-64B), and an extrusive rock (74-Br). The samples 
have probably undergone some mobilization of major elements, i.e., 
albitization of plagioclase feldspar. All samples are low in K2O.
In hand specimen the intrusive rocks are dense, green to black, 
medium grained, and porphyritic. Large (0.8 cm in length), dark, rusty 
weathering phenocrysts and small (0.5-1.0 mm), irregular, white patches 
are numerous. In thin section the large, dark phenocrysts are seen to 
be chlorite, epidote and pumpellyite pseudomorphs after plagioclase feld­
spar (Fig. 14). The white patches are quartz intergrown with plagioclase 
feldspar in the groundmass.
18
Figure 13. Vesicles within crystalline, andesitic
volcanic rock of the basal unit. Vesicles 
are lined with quartz. (Sample 74-Br; 32X 
crossed nicols)
19
TABLE 1. Chemical 
the basal
compositions
unit
of representative volcanic rocks of
Major Elements 74-50 74-Br 74-64B
Wn Si02 70.66 57.21 50.79
TiO^ 0.21 0.78 1.16
AI2O3 13.07 16.90 16.79
0.87 3.56 4.45
FeO 1.19 5.03 6.29
MnO 0.08 0.16 0.21
MgO 0.31 4.28 6.27
CaO 3.34 2.38 6.04
N320 2.90 4.23 2.78
K2O 1.15 1.10 0.00
93.67 95.14 94.16
20
Figure 14. Plagioclase crystal pseudomorphed by
chlorite (ch), epidote (ep) and pumpellyite 
(p). (Sample 74-64B; 32X crossed nicols)
21
Hand samples of the flow rocks are tan to brown weathering, dark, 
fine grained, green, and hard. In thin section, euhedral plagioclase 
phenocrysts and relict ferromagnesian minerals occur in a fine grained 
groundmass of quartz and feldpsar (Fig. 15). Slightly altered, 
albitized plagioclase phenocrysts exhibit twinning and synneusis (Fig. 
16). Large patches of chlorite, epidote and pumpellyite may be pseudo- 
morphs after large plagioclase phenocrysts or synneusis complexes 
(Fig. 17).
The most abundant volcanic rock is thick bedded (30-40 meters) 
crystal tuff. This tuff is hard, massive, dark green with white 
spots, and consists of quartz and tabular, milky-white plagioclase 
feldspar phenocrysts with sparse, rounded, volcanic and volcaniclastic 
rock fragments. In thin section the plagioclase phenocrysts are 
euhedral to subeuhedral, in places fragmental, and altered to prehnite. 
Quartz phenocrysts are rounded to angular (fragmental), embayed, clear 
and numerous (Fig. 18). Rounding of quartz and plagioclase crystals 
may reflect resorption. Igneous ferromagnesian minerals have been 
replaced by chlorite, pumpellyite and opaque minerals. No potassium 
feldspar is present nor are any minerals that are pseudomorphs after 
original potassium feldspar. The groundmass consists of varying amounts 
of quartz, feldspar, altered glass and relict shards (Fig. 19). Some 
of the samples show flow textures around the phenocrysts (Fig. 20).
Sedimentary Rocks
The sandstone of the basal unit is massive to well bedded (bedding 
thickness 3-5 cm), medium to coarse grained, brown to tan weathering.
22
Figure 15. Andesitic flow rock showing euhedral plagio- 
clase crystals (pg) and altered ferromagnesian 
minerals (fg) in groundmass of quartz and 
feldspar (Sample 74-Br; 32X crossed nicols).
Figure 16. Synneusis of plagioclase feldspar within 
andesitic flow rock (Sample 74-Br; 32X 
crossed nicols).
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Figure 17. Flow rock showing altered plagioclase pheno-
cryst or synneusis complex exhibiting chlorite 
(ch), pumpellyite (p) and epidote (ep).
(Sample 74-Br; 32X crossed nicols)
Figure 18. Embayed quartz crystal within a tuff (Sample 
74-50; 32X crossed nicols).
24
Figure 19. Relict glass shard within a tuff, pseudo- 
morphed by pumpellyite (Sample 74-50; 128X 
uncrossed nicols).
Figure 20. Flow texture around altered plagioclase 
crystals within a tuff (Sample 74-49B; 
32X uncrossed nicols).
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green to gray tuffaceous rock that in places exhibits graded bedding.
In thin section it consists primarily of closely-packed, moderately 
sorted plagioclase and quartz crystals and volcanic rock fragments 
(Fig. 21). The crystal grains are subangular to subrounded and sub- 
hedral to anhedral. The majority of rock fragments are andesite and 
basalt and are subrounded to rounded. Due to lack of competency during 
compaction, these rock fragments commonly display plastic deformation; 
they have been squeezed between crystal grains (Fig. 22). Minor felsic 
rock fragments, representing more silicic volcanic material, are also 
present. The matrix consists of chlorite and mica (sericite).
The massive (30-40 meters) tuffaceous sandstone is coarser grained 
and more abundant than the well-bedded rock. Where well-bedded, the 
.sandstone is interbedded with fine grained, black argillite (Fig. 23). 
Graded bedding and other sedimentary structures are restricted to 
these well-bedded sections. Figure 24 shows a typical example of a 
well-bedded sequence with an almost complete Bouma sequence (A, B, C, D), 
suggesting deposition by turbidity currents. These well-bedded sequences 
are generally bounded by massive tuff and tuffaceous sandstone.
Argillite is relatively minor within the basal unit except for a 
thick (15-20 meters) sequence that crops out in Deadhorse Creek (sample 
site 74-35). This argillite is gray, very hard, massive, and concre­
tionary. The concretions are rounded, subspherical, and calcareous 
(Fig. 25). In thin section the argillite appears to be silicified and 
contains numerous, fine calcite veins (Fig. 26).
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Figure 21. Sandstone composed of quartz (q), plagioclase 
(pg) and volcanic rock fragments (rv). (Sample 
74-70; 32X, stained, uncrossed nicols)
Figure 22. Rock fragment (brown-red) that has been plas­
tically deformed by being squeezed between 
crystal grains (Sample 74-70; 128X, stained, 
uncrossed nicols)
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Figure 23. Thinly interbedded sandstone and black 
argillite of the basal unit (Sample 
74-53).
fe..
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Bouma
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Sedimentary
Structure
B
A
D
C
B
A
Black argillite
Laminated 
black argillite
Fine sandstone
Medium sandstone
FIGURE 24: Sketch of a rock slab showing an almost 
complete Bouma sequence and related sed­
imentary structures (Sample 74-53).
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Figure 25. Rounded, calcareous concretions within 
argillite of the basal unit (Sample 
74-34—Deadhorse Creek).
30
Figure 26. Argillite of the basal unit exhibiting fine 
cal cite veins (Sample 74-23; 128X, crossed 
nicols).
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Lower Unit
Sandstone
The sandstone of the lower unit is very similar to that of the 
basal unit. It is tan-brown weathering, gray to green, medium to coarse 
grained and thin-bedded (2.0-10.0 centimeters). Graded bedding, ripples, 
and cross-bedding (Fig. 27) are common. Typically, the sandstone occurs 
in rhythmically bedded sequences with laminated black argillite (Fig.
28; Appendix I).
In thin section the sandstone consists of moderately sorted, 
closely packed, euhedral to subhedral plagioclase crystals, subrounded 
to rounded volcanic rock fragments, and minor rounded quartz grains. A 
few samples have tabular white mica and biotite flakes (Fig. 29) while 
others have considerable amounts of cal cite, usually as an alteration 
product of feldspar. Chlorite, fine grained mica (sericite), and rarely 
iron oxide, act as cement. One sample (74-42) is composed predominantly 
of well rounded sand-sized, subspherical, greenish pellets that, in some 
places, show an oolite-like concentric structure (Fig. 30). The pellets 
consist of an outer rim of fine grained material with cores of chlorite 
and less often pumpellyite and epidote. Rare quartz and plagioclase 
grains also exhibit rims of fine grained material (Fig. 31). These 
pellets are similar to those described by Porrenga (1967a, 1967b) from 
numerous marine delta and shelf deposits and may be faecal pellets or 
ooids.
Argillite
The fine grained rock of the lower unit is black to gray, massive 
to laminated, fossiliferous argillite. The argillite is, in places.
Figure 27. Small-scale crossbedding within thin sand­
stone bed of the lower unit (Sample site 
74-37).
Figure 28. Rhythmically interbedded sandstone and 
argillite sequence of the lower unit.
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Figure 29. Detrital biotite flake within sandstone 
of the lower unit (Sample 74-37; 128X, 
uncrossed nicols).
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Figure 30. Concentric pellet or ooid within pelletoidal 
or ooidal sandstone (Sample 74-42; 128X, 
uncrossed nicols).
Figure 31. Quartz (q) grain rimmed by fine grained 
(fg) material (Sample 74-42; 128X, 
crossed nicols).
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calcareous and contains rounded, spherical, calcareous concretions. 
Where not interbedded with sandstone, the argillite forms massive, 
thick layers. Nodules and irregular pods of pyrite-rich material 
also occur, some of which may represent replacement of fossils. Well 
preserved belemnites, 10-16 centimeters in length (Fig. 32), and 
Buchia fossils are numerous.
In thin section the argillite consists of poorly sorted, angular 
to subangular quartz and feldspar with irregular patches of calcite 
(Fig. 33). The matrix is dark, fine grained material and chlorite.
One sample (74-72) is black to gray, bioturbated marl composed of 
fossils (belemnites), fossil fragments and mi critic calcite grains 
(Fig. 34).
Conglomerate
The conglomerate within the lower unit appears to comprise only 
a small percentage of the total rock. Two types of conglomerate are 
found, differing mainly in the type of matrix. Both consist of matrix 
supported, medium to coarse (.15-2.5 cm), black to tan argillite clasts 
and appear to be intraformational. The first type has subrounded to 
rounded, poorly sorted, crudely graded, argillite clasts in a matrix of 
black lutite with irregular patches and layers of sand-sized quartz and 
feldspar grains. The second type consists of subangular to subrounded, 
poorly sorted, argillite clasts in a sand-sized matrix of quartz and 
plagioclase grains. In both types the sand-sized plagioclase grains 
are angular and, in places, euhedral.
Figure 32. Belemnoid and belemnoid fragments (b) preserved 
within argillite of the lower unit (Sample 
site 74-72.
Figure 33. Argillite of the lower unit exhibiting quartz 
(q), plagioclase (pg) and calcite (c). (Sample 
74-41; 128X, crossed nicols)
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Figure 34. Bioturbated marl composed of fossil fragments 
(to the extreme right and left) and micrite. 
(Sample 74-72; 128X, crossed nicols)
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Middle Unit
Sandstone
Sandstone of the middle unit is green, medium grained, fossili- 
ferous and typically thick-bedded (4.0-50.0 cm). The sandstone is 
interbedded with black argillite (5.0-20.0 cm thick) but the sandstone 
is more resistant and more readily forms outcrop. The sandstone beds 
are separated by, and contain thin (0.1-0.2 cm), wispy, irregular, 
discontinuous, and pyritized stringers of black argillite (Figs. 35 and 
36). In places these stringers are very chaotic (Fig. 37) and appear to 
have undergone considerable soft-sediment deformation.
In thin section the dominant grains are closely packed, moderately 
sorted, euhedral to subhedral, angular to subangular plagioclase feld­
spar and rounded to subrounded volcanic rock fragments. Subangular to 
subrounded clear quartz, angular to tabular, pleochroic (green to light 
green) pyroxene(?) and white mica flakes are present in minor amounts. 
Chlorite is the main cement and calcite replaces plagioclase feldspar.
Breccia
Breccia of the middle unit consists of medium to coarse (0.2-7.0 cm), 
poorly sorted, angular to subrounded fragments of black argillite, gray 
sandstone, and green volcanic rock. Samples vary from clast-supported 
and graded (Fig. 38) to matrix-supported and ungraded. The breccia 
occurs as beds and lenses of varying thickness between sandstone beds.
Some beds are richer in volcanic clasts than others (up to 30%) but the 
predominant clast type is black argillite.
Figure 35. Sandstone beds of the middle unit separated 
by irregular, black argillite beds. Also 
represents proximal turbidites—Bouma AE 
(Sample site 74-39).
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FIGURE 36: Sketch of irregular argillite beds interspersed 
with sandstone of the middle unit (Sample site 
74-96).
F
%
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FIGURE 37: Sketch of a rock slab exhibiting chaotic
argillite beds within a volcaniclastic 
sandstone (Sample 74-39).
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Figure 38. Graded breccia of the middle unit.
Represents Ap-organized conglomerate 
facies (Sample 74-38B).
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Thin section examination shows the volcanic clasts to be andesite 
and basalt with minor felsite. Rock fragments exhibit deformation due 
to compaction and the rare, rounded, quartz grains are embayed.
Upper Unit
Sandstone
The sandstone of the upper unit is similar to those described pre­
viously, being gray, medium grained, and composed of closely packed, 
moderately sorted, euhedral to anhedral plagioclase grains and sub­
rounded to rounded volcanic rock fragments. The sandstone is inter- 
bedded with black argillite (Fig. 39; Appendix II), with beds ranging 
from wispy, very thin (0.1-0.3 cm) stringers to thicker (10-13 cm) 
graded beds generally containing rip-up clasts and resembling Bouma A 
intervals (Fig. 40).
Argillite
The argillite of this unit is black, rusty weathering, well indurated 
and massive to laminated. At some localities the argillite appears to 
be extremely fine grained and dense. In thin section the argillite con­
sists of angular to subangular quartz and feldspar with rock fragments 
and rounded, spherical, chlorite patches (Fig. 41) in a dark fine grained 
matrix.
Model Compositions of the Sandstones 
Thin sections of sandstone samples, representative of each unit, 
were stained for plagioclase feldspar, following the methods of Norman 
(1974). The petrographic observation of the absence of potassium
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Figure 39. Interbedded sandstone and black argillite of 
the upper unit (Sample site 74-103).
Figure 40. Graded sandstone bed of the upper unit that 
contains numerous black argillite rip-up 
clasts towards the bottom (near pen). Resembles 
Bouma A interval (Sample site 74-103).
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Figure 41. Argillite of the upper unit composed of 
quartz (q), plagioclase (pg) and chlorite 
(ch). (Sample 74-103B; 128X, crossed 
nicols)
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feldspar was confirmed by the staining of six rock slabs (two each from 
the basal, lower and middle units) with sodium cobaltinitrite. No 
potassium feldspar was found.
The stained thin sections were counted using a 10-power objective 
on a petrographic microscope equipped with a point counting stage set 
at a spacing of 0.3 mm. Points are grouped into seven categories: 
quartz, plagioclase, lithic, heavy, cement/matrix, mica and other 
(Table 2). All points counted as quartz are monocrystalline, while 
the lithic category incorporates all rock types (including chert). Ninety 
percent of the lithic grains are volcanic or volcaniclastic. The heavy 
minerals consist of pyroxene, amphibole and opaques. Cal cite and 
unidentified grains comprise the majority of the "other" category. A 
portion of the "other" category is probably rock fragments that could 
not be identified as such due to alteration and lack of original grain 
boundaries. Also, it could not be determined whether certain grains 
were originally rock fragments or plagioclase grains. The cement and 
matrix is commonly chlorite, mica (sericite) and rarely iron oxide.
Three characteristics of the Nooksack Group sandstones are: (1)
microlitic (andesitic) grains are the dominant rock fragments, (2) all 
feldspar is plagioclase (P/F =1), and (3) the percentage of quartz is 
very low. The sandstones most closely approach the feldspatholithic 
classification (3>L/F>1) of Dickinson (1970) and meet his criteria for 
sediments derived from an andesitic provenance.
Figure 42 displays QFL plots for the Nooksack Group sandstones of 
this study superimposed upon provenance types determined by Dickinson 
and Suczek (in press). The sandstones are closest to the magmatic arc
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TABLE 2. Modal compositions of Nooksack Group sandstones and 
coordinates for ternary QFL diagrams.
Basal Upper
Unit Lower Unit Middle Unit Unit
74-70 74-37 74-73 74-86 74-93 74-96 74-103
Quartz 4.8 12.0 2.4 3.0 1.2 0.8 0.8
Plag. 37.8 38.0 32.6 43.2 60.4 44.8 55.2
Lith. 24.2 31.0 39.4 14.0 14.6 28.8 20.0
Heavy 6.2 0.4 4.2 13.8 6.4 5.8 4.6
Mat/cem. 18.4 12.0 4.2 13.8 6.5 5.8 12.2
Mica 1.0 — 0.4 -- -- -- —
Other 8.0 8.0 13.6 16.4 4.8 9.4 7.2
Q 7.2 14.8 3.2 4.9 1.6 1.0 1.1
F 56.9 46.9 43.8 71.8 79.3 60.2 72.6
L 35.8 38.3 52.9 23.3 19.1 38.7 26.3
F/L 1.5 1.2 0.3 3.1 4.0 1.5 2.7
P/F 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Plag. = plagioclase Mat/cem = matrix & cement F = feldspar
Lith. = lithics Q = Quartz L = lithics
49
FIGURE 42: QFL plot of the Nooksack Group sandstones super­
imposed upon provenance types of Dickinson and 
Suczek (in press).
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provenance. Dickinson and Suczek (in press) mention that some sands 
associated with undissected arcs show strong concentrations of plagio- 
clase grains relative to lithic fragments due to intense reworking; 
such a mechanism may account for the high plagioclase to lithic ratios 
of some of my samples (74-86, 74-103, 74-96).
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METAMORPHIC PETROLOGY
The majority of phases were identified by examining thin sections.
Due to the fine-grained nature of many of the rocks, special procedures 
were undertaken to identify phases that may be present but are not easily 
discerned in thin section. Examples of such phases are lawsonite, aragonite, 
and zeolites. Incipient lawsonite, identifiable only by x-ray diffraction, 
has been reported in the Chilliwack Group (Monger, 1966; Beaty, 1974) and 
in the San Juan Islands (Glassley ^ , 1976). Representative samples
were ground to less than 150 mesh and disaggregated with an ultrasonic 
vibrator to separate mineral grains as much as possible. These powders 
were centrifuged in bromoform (specific gravity = 2.9) and bromoform 
diluted with acetone (specific gravity = 2.28 - 2.35). Samples were 
stirred and centrifuged (approximately 3 minutes) at least three times.
Due to the general low grade nature of metamorphism on the west 
flank of the North Cascade Mountains (Misch, 1966; Brown, 1974), minerals 
with a specific gravity greater than bromoform that might be expected are 
lawsonite (specific gravity = 3.05 - 3.12), pumpellyite (specific gravity - 
3.18 - 3.23), prehnite (specific gravity = 2.9 - 2.95), actinolite (specific 
gravity = 3.0 - 3.2), epidote (specific gravity = 3.1 - 3.5), and aragonite 
(specific gravity = 2.95). Zeolite minerals (specific gravity = 2.0 - 
2.4) would be concentrated in the powder with a specific gravity less than 
2.28 - 2.35. The centrifuge process did not completely separate grains 
of different specific gravities, but did concentrate heavy grains enough 
to enhance the intensity of their x-ray peaks.
The amount of powder retrieved from the less than 2.28 - 2.35 frac­
tion was too small to x-ray. Under the binocular microscope this powder
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was seen to consist entirely of heavier grains (quartz, feldspar, 
pyrite and magnetite) that did not sink when centrifuged or stayed 
upon the surface of the liquid. No zeolite grains were found.
Powder than sank in bromoform (grains with specific gravity greater 
than 2.9) was examined under the binocular microscope. Numerous green 
grains seen were tentatively identified as being pumpellyite with minor 
epidote. Black, shiny, metallic grains were also seen. These blocky 
to platey, magnetic grains were extracted with a magnet and appear to 
be magnetite. Test for streak was inconclusive due to the very fine 
grain size.
X-ray diffractograms of the heavy separates were compared to pre­
pared, known patterns of lawsonite, epidote, pumpellyite and prehnite. 
Pumpellyite yielded good patterns and was easily identified. Epidote 
and prehnite yielded poor, but identifiable patterns. Neither lawsonite 
nor aragonite were found.
Examination of polished thin sections under reflected light revealed 
the largest opaque grains to be pyrite and goethite. The goethite was 
seen either as alteration rims around pyrite grains or as rounded, 
spherical patches. The rims of goethite appear to be the result of late 
stage alteration. It could not be determined if the spherical patches 
of goethite represented altered pyrite or Fe-oxide grains. The magnetite 
extracted from the powders may exist as very fine grained, opaque dust 
that is seen in thin section.
The original plagioclase feldspar is completely altered to prehnite, 
pumpellyite, epidote, calcite, sericite, and albite. Small clear, pris­
matic, albite crystals appear to be metamorphic in origin (Fig. 43).
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Figure 43. Prismatic albite crystals (ab) surrounded 
by chlorite (ch) and pumpellyite (p). 
(Sample 74-49B; 512X, crossed nicols)
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Certain plagioclase phenocrysts are completely pseudomorphed by preh- 
nite (Fig. 44). Phases observed in each sample are given in Appendix 
III. Observed assemblages (plus quartz, chlorite and albite) are:
pumpellyite-calcite-epidote (Fig. 45)
pumpellyite-epidote (Fig. 46)
calcite-epidote (Fig. 47)
prehnite-pumpellyite (Fig. 48)
+3These assemblages are represented on the projection-type Al-Fe -Ca
diagram described by Brown (1977c); prehnite, pumpellyite, epidote,
cal cite, hematite and actinolite are plotted on the diagram by projection
+2from quartz, albite, chlorite, H2O and CO2. With this method Fe -Mg are
considered as a single component. This does not allow for the valid
+2representation of magnetite, since it contains Fe but no Mg. In low
grade metamorphic rocks, magnetite and hematite are considered to func-
+3tion identically; their presence indicates high Fe content and high
a^Q . The identification of magnetite within the Nooksack Group is
tentative, since it appears to occur only as extremely fine grains.
A Schreinemaker diagram (Fig. 49) was constructed utilizing the 
+3Al-Fe -Ca diagrams and reactions derived from the relationships between
phases depicted on the Al-Fe -Ca plots. Reactions between assemblages 
were balanced by computer and the slopes of the reaction lines are esti­
mated from Kerrick (1974) using H2O-CO2 relationships. The "x's" mark 
assemblages seen within the Nooksack Group. The Schreinemaker diagram 
shows a possible relationship between the prehnite-pumpellyite facies 
of the Nooksack Group and the higher temperature greenschist facies.
The presence of the calcite-hematite assemblage precludes the presence
FIGURE 44. Quartz grains (q) with plagioclase grains 
pseudomorphed by prehnite (pr). (Sample 
74-50; 32X, crossed nicols)
FIGURE 45. Calcite (c) - epidote (ep) - pumpellyite 
(p) assemblage (128X, crossed nicols).
FIGURE 46. Pumpellyite (p) - epidote (ep) assemblage 
(128X, crossed nicols).
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FIGURE 47. Calcite (c) - epidote (ep) assemblage 
(128X, crossed nicols).
FIGURE 48. Prehnite (pr) - pumpellyite (p) assemblage 
(512X, crossed nicols).
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(Ham)
FIGURE 49: Schreine-i 3^ ‘ ^ diagram depicting a possible
relatio"-hi; between the prehnite-pumpellyite 
facies of tie Nooksack Group and the greenschist 
facies. Pr prehnite, Ep=epidote, Cc=calcite, 
Hem=hematit’ , Pp=pumpellyite and Act=actinolite.
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of actinolite-epidote or actinolite-pumpellyite. Figure 49 depicts 
two types of prehnite-pumpellyite facies assemblages. The pumpellyite- 
epidote-hematite assemblage represents low X^g conditions and the 
pumpellyite-epidote-calcite assemblage represents higher Xgg conditions. 
These two assemblages are related by the reaction:
.65 pumpellyite + .06 hematite + .58 CO2 = .45 quartz +
.14 chlorite + l.o epidote + .58 calcite + 1.18 H2O.
The Nooksack Group apparently represents metamorphism under the 
greater Xgg conditions, represented by the expanded calcite stability.
The prehnite-pumpellyite facies metamorphism of the Nooksack Group 
differs from that of the rocks that structurally overlie it and the 
Jurassic-Cretaceous rocks of the San Juan Islands to the west. Rocks 
that comprise the overlying thrust plates (the Shuksan Metamorphic 
Suite and the Chilliwack Group) and the structural terrane of the San 
Juan Islands contain assemblages indicative of high pressure metamor­
phism (Monger, 1966; Brown, 1974; Beaty, 1974; G1 asley ^ al_., 1976;
Cowan and Whetten, 1977). This suggests that the Nooksack Group followed 
a lower P/T path (Fig. 50) than either the Chilliwack Group, the Shuksan 
Metamorphic Suite or the San Juan Island rocks and was probably not sub­
jected to subduction zone metamorphism.
FIGURE 50: Comparison of P/T conditions for the Nooksack
Group, the Chilliwack Group, the San Juan Islands 
and the Shuksan Metamorphic Suite. Experimental 
data from: 1) Boettcher and Wyllie, 1968, 2) 
Newton and Smith, 1967, and 3) Nitsch, 1971.
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DISCUSSION
Sedimentary Environment
The Nooksack Group appears to have been deposited within a sub­
marine fan environment. The occurrence of alternating sandstone and 
argillite beds, the abundance of graded bedding and various Bouma 
sequences, and the presence of transported fauna and plant fragments 
are features commonly associated with submarine fan deposition (Walker 
and Mutti, 1973). The abundance of turbidites and marine fossils 
seems to rule out a deltaic environment.
Walker and Mutti (1973) have presented a classification scheme for 
submarine fan facies (Table 3). Submarine fan facies found within the 
Nooksack Group are:
A.| - disorganized conglomerage (Fig. 51)
A2 - organized conglomerate (Fig. 38)
A^ - organized pebbly mudstone 
C - proximal turbidites (Fig. 35)
D - distal turbidites (Fig. 52)
These facies are distributed throughout the stratigraphic column 
as shown in Figure 53, The basal unit contains minor C facies rocks 
(Fig. 24), but these are thin turbidite beds surrounded by massive 
tuff and tuffaceous sandstone. The turbidites may represent isolated 
downslope movement of sediment off the flanks of the volcanic arc.
The lower unit consists primarily of facies D turbidites with 
isolated channel fills of A facies material. The abundance of D facies 
rock within this unit suggests depositional lobe deposits (Fig. 54) 
away from the influence of large or numerous fan channels (Walker and 
Mutti, 1973).
A1 Disorganized conglomerate- lacks 
sedimentary structures or fabric.
<
A2 Organized conglomerate- has distinct 
sedimentary structures or fabric, ie. 
graded bedding, stratification.
00
LU
h-H
A3 Disorganized pebbly sandstone- coarse, 
generally featureless sandstone related 
to slumping.
<u.
A4 Organized pebbly sandstone- coarse 
sandstone characterized by graded 
bedding.
B1 Massive sandstone with "dish" structure.
CO
FA
CI
ES B2 Massive sandstone without "dish" 
structure.
FACIES C "Classical" proximal turbidites 
characterized by Bouma AE beds.
FACIES D "Classical" distal turbidites or 
interchannel deposits characterized 
by Bouma BCDE,BDE or CDE beds.
FACIES E Fine grained overbank deposits.
FACIES F Chaotic beds resulting from 
downslope mass movement.
FACIES G Pelagic or hemipelagic sediments.
TABLE 3; Classification scheme for submarine fan 
facies (Walker and Mutti, 1973).
FIGURE 51. An A] facies, disorganized conglomerate 
composed of black argillite clasts in a 
sandstone matrix.
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FIGURE 52. Distal turbidites of the lower unit composed 
of Bouma C interval sandstone and Bouma D 
interval black argillite (sample site 74-37).
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FIGURE 53* Distribution of submarine fan facies throughout 
the stratigraphic column of the Nooksack Group.
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The middle unit is composed predominantly of facies C and A. These 
facies probably represent braided channel fill deposits associated with 
the channeled middle fan (Fig. 54). The upper unit consists mostly of 
facies D sediments.
The association of these fan facies, coupled with the lack of facies 
B and F deposits suggests a middle fan environment rather than an inner 
fan environment (Fig. 54). The lack of facies G and the presence of 
facies A deposits rules out an outer fan environment. The occurrence 
of the coarse, channel fill deposits of the middle fan on top of the 
depositional lobe sediments of the lower unit-is typical of a prograding 
submarine fan (Mutti and Ricci Lucchi, 1972; Walker and Mutti, 1973).
The D facies sediments of the upper unit may represent a shift in the 
position of the fan channel at a later time.
Tectonic Environment
The tectonic environment most likely to provide the accumulation 
of intermediate volcanic rock and volcaniclastic debris that comprise 
the Nooksack Group is a magmatic arc. Rocks of similar petrology that 
occur to the east in the Methow Valley have also been ascribed to a 
magmatic arc tectonic setting (Cole, 1973; Tennyson, 1974; Tennyson 
and Cole, 1978). The low initial Sr ratio (.7042) of the Nooksack Group 
indicate the sediments were derived from a primitive parent (Armstrong, 
oral communication, 1979) and is also consistent with a magmatic arc 
setting.
Criteria for the recognition of ancient magmatic arcs have been 
published by Dickinson (1971) and Garcia (1978). These criteria include
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(1) the predominant pyroclastic nature of volcanic rocks, (2) a thick
sequence of volcaniclastic rocks, and (3) the presence of a paired 
metamorphic belt.
The Nooksack Group fulfills the first two criteria in that the 
predominant type of volcanic rock present within the basal unit is 
pyroclastic and the lower through upper units consist of 5-6 kilometers 
of volcanically derived sediment. The Shuksan and Skagit Metamorphic 
Suites (Fig. 1) could represent a paired metamorphic belt within the 
North Cascades, as suggested by Miyashiro (1973). However, it is not 
yet certain that metamorphism of the two terranes was synchronous.
Garcia (1979) applied the above criteria to the Rogue and Gal ice 
Formations of Oregon and concluded that these rocks represent an ancient 
magmatic arc. The Nooksack Group may be compared to the Gal ice Formation 
which, like the Nooksack Group, is primarily sedimentary. Similarities 
are; (1) both units are mostly composed of interlayered, dark mudstone/ 
argillite and volcaniclastic sandstone, (2) the occurrence of potassium 
feldspar is rare, (3) lithic fragments consist predominantly of altered 
volcanic rock, (4) sedimentary structures (cross-bedding, graded bedding, 
rip-up structures) are common and well preserved, and (5) metamorphism 
produced prehnite-pumpellyite facies assemblages.
Differences between the Nooksack Group and the Gal ice Formation 
are; (1) the Gal ice Formation contains more volcanic rocks intercalated 
with the sedimentary rocks and, (2) sandstone of the Gal ice Formation 
contain more quartz and less lithic fragments (Q20-25*^60-75*'5-10^ 
sandstone of the Nooksack Group (Q-|_-i5l^43_8o*-20-50^ ‘
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Within the general magmatic arc setting, the Nooksack Group may 
have been deposited in one of the following, more specific, environments 
(Fig. 55): (1) a trench, (2) a fore-arc basin, or (3) a marginal basin.
A trench environment for the Nooksack Group seems unlikely because:
(1) the thickness is apparently cumulative and not tectonic, and (2)
there is a lack of structures representing intense, compressional defor­
mation.
Characteristics of ancient fore-arc basin assemblages are summarized 
in Table 4. Features of the Nooksack Group that are consistent with 
these criteria are: (1) the complex geologic and orogenic regional
setting of the Nooksack Group (Danner, 1957, 1977; Misch, 1966, 1976,
1977; Morrison, 1977; Cowan and Whetten, 1977), (2) the low degree of 
deformation, (3) the volcaniclastic nature of the sediments and their 
lack of volcanic flow intercalations, and (4) the submarine fan (turbidite) 
depositional environment.
The main problems of relating the Nooksack Group to this model con­
cern the nature and location of the coeval arc and trench assemblages.
The relationship between the Nooksack Group and units that might 
represent these assemblages is, at this point, not well known. The 
intensely deformed, high pressure metamorphic rocks of the Darrington 
phyllite member of the overlying Shuksan Metamorphic Suite have recently 
been dated by Armstrong (written communication, 1979) as being contem­
poraneous with the Nooksack group (149 ± 17 my). The deformation and 
metamorphism of these rocks, following Dickinson (1971), is suggestive 
that they were trench sediments. Because the Darrington phyllite has 
a low initial Sr ratio, this age apparently represents the age of the
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TABLE 4, Characteristics of ancient arc-trench gap assemblages 
(Dickinson, 1971).
(1) Occur in complex orogenic belts between associated
arc and trench assemblages.
(2) Arc-trench gap sediments should be less deformed and
less metamorphosed the coeval arc and trench deposits.
(3) Contain complex zones of tectonic dislocation repre­
senting regional thrust contacts which should separate
the trench and arc-trench gap assemblages.
(4) The structural relations between arc-trench gap sedi­
ments and volcanic, metamorphic and plutonic rocks of
the associated arc should be simple onlap.
(5) The arc-trench gap sediments should be clastic, lacking
volcanic flow intercalations and be derived from a
volcano-plutonic arc provenance.
(6) The sedimentological character of the arc-trench gap
sediments may be highly variable, representing deltaic,
shelf and turbidite strata.
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sediment source terrane as well as the metamorphic age (Armstrong, oral 
communication, 1979). The possibility that these rocks might have 
evolved within the same tectonic system as the Nooksack Group is 
intriguing, but presently not proven. Large-scale tectonic transport 
that has occurred within the North Cascades (Misch, 1966, Davis, 1978) 
may have separated the Nooksack Group from its coeval arc and trench 
assemblages.
Figure 56 shows an idealized stratigraphic sequence for present 
day marginal basins in the southwest Pacific. These marginal basins 
are thought to originate by rifting of a pre-existing arc complex 
(Karig, 1971) and are filled with sediment derived from the flanks of 
the rifted arc. As the basins widen, the sediments get finer-grained 
and less influenced by coarse material from the rifted arc until, at 
the center of the basin, pelagic sediments rest directly upon oceanic 
crust (Klein, 1975, Fig. 9, p. 1017). For the most part, the sediments 
found within these basins are non-pelagic turbidites representing various 
Bouma intervals (Klein, 1975). Problems that arise when trying to fit 
the Nooksack Group to this model are: (1) rocks underlying the Nooksack
Group are not recognized as being oceanic crust, (2) the amount of coarse 
material within the Nooksack Group represents only a small percentage of 
the total rock, and (3) no pelagic sediments are found within the Nook­
sack Group.
The Wells Creek Volcanics, which underlie the Nooksack Group, are 
andesitic, dacitic and keratophyric flows, tuffs and breccias inter­
calated with marine slates and graywackes (Misch, 1966). The origin of 
these rocks is not precisely known and, at the present time, they are
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not regarded as representing oceanic crust.
The sediments of the Nooksack Group are predominantly fine grained. 
The coarse deposits are confined to relatively thin layers and discon­
tinuous beds. Within modern marginal basins, the accumulation rate of 
coarse sediments is thought to be high (200m/m.y., Klein, 1975), and 
ancient deposits probably would be thick.
No carbonate or silicic pelagic sediments presently are found 
within the Nooksack Group of this study; however, the upper portions 
of the Nooksack have been removed by faulting (Misch, 1966), so it is 
possible that an original pelagic component has been tecontically 
removed.
In summary, the Nooksack Group is best interpreted to have been 
deposited along the flanks of a late Jurassic-early Cretaceous volcanic 
arc in one of two possible settings: (1) a fore-arc basin within the
arc-trench gap, or (2) a marginal basin behind the arc.
Upper Mesozoic Rocks of the North Cascades 
and San Juan Islands
Rocks of early Jurassic to early Cretaceous age are distributed 
throughout the complex orogenic belt of the North Cascade Mountains 
and San Juan Islands as shown in Figure 57. This section will summarize 
the age and lithology of these units and compare this data with the 
Nooksack Group of this study.
Methow Valley/Manning Park
Approximately 60 kilometers to the east of the Mt. Baker window 
lie the Lower Jurassic through Upper Cretaceous deposits of the Methow
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Valley which are a southern extension of the Pasayten and Tyaughton 
troughs of British Columbia (Anderson, 1976). Rock units that comprise 
the Upper Jurassic to Lower Cretaceous basal portion of the section are 
the Newby Group of the Methow Valley and the Ladner and Dewdney Creek 
Groups of Manning Park, British Columbia (Barksdale, 1975).
The petrology of these rocks is very similar to that of the Nook- 
sack Group (Cole, 1973; Tennyson, 1974). The sandstone is of similar 
composition (Fig. 58) and the sediments are interpreted to have a sub­
marine fan depositional environment (Cole, 1973). The Newby, Ladner 
and Dewdney Creek Groups have been interpreted as representing fore-arc 
basin deposits derived from an active volcanic source (Anderson, 1976; 
Tennyson and Cole, 1978).
Previous workers (Misch, 1966; Jeletsky and Tipper, 1968; Cole, 
1973; Tennyson, 1974) have remarked on the similarity between the 
Methow Valley/Manning Park Upper Jurassic-Lower Cretaceous strata and 
the Nooksack Group. Cole (1973), Tennyson (1974), and Tennyson and 
Cole (1978) have implied that the Nooksack Group is the distal equi­
valent of the Newby Group and accumulated in an open ocean basin to 
the west, with the Wells Creek Volcanics and the Harrison Lake Forma­
tion (see below) representing local volcanism within the basin. Davis 
et (1978) suggests that the Nooksack Group is correlative with the 
Methow Valley strata, being the southernmost extension of the Methow 
basin and transported to its present position by right lateral movement 
along the Ross Lake fault zone (Fig. 57).
A few problems arise with these correlations. First, although 
coarse material comprises only a small percentage of the Nooksack
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Q Newby Group 
Nooksack Group 
Fidalgo Island 
Dewdney Creek Group 
Ladner Group
FIGURE 58: Comparison of sandstone compositions from 
Upper Mesozoic rocks in the North Cascades. 
Newby, Ladner and Dewdney Creek Groups, 
Cole, 1973; Fidalgo Island, Gusey, 1978.
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Group, some of this volcanic (andesitic) material, particularly within 
the basal unit, is very coarse and angular and would appear to represent 
sediment derived from a nearby source.
Second, the Nooksack Group represents the same type of submarine 
fan environment (middle fan) as proposed for the Newby Group (Cole,
1973) and not a more distal environment.
Third, from fossil evidence (Misch in Keroher, 1966) and isotopic 
dates (R. L. Armstrong, written communication, 1979) the Nooksack Group 
appears to be mostly Late Jurassic as compared to the Early Cretaceous 
age of the Buck Mountain Formation, which comprises approximately 80% 
of the Newby Group (Barksdale, 1975). This would indicate that a good 
part of the Nooksack Group was deposited prior to most of the Newby 
Group. The Nooksack Group may be correlative with the upper Jurassic 
Twisp Formation of the Newby Group.
These points seem to discount the suggestion made by Tennyson and 
Cole (1978) that the Nooksack Group is a distal equivalent of the Newby 
Group. The argument of Davis ^t (1978) is difficult to prove or 
disprove. The Nooksack Group is similar in age and lithology to the 
Twisp Formation, Ladner Group and Dewdney Creek Group, but no evidence 
for large-scale tectonic transport was seen in the field. Misch (1966) 
has described the Nooksack Group as being autochthonous with respect 
to the overlying thrust sheets.
Harrison Lake
Middle Jurassic to Lower Cretaceous strata of the Harrison Lake 
area lie approximately 55 kilometers to the north of the study area. 
According to Lowes (1972) these rocks are predominantly felsic lavas.
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pyroclastics, sandstone and minor argillite. They are of low metamor- 
phic grade (prehnite-pumpellyite to lower greenschist facies) and 
structurally underlie the Chilliwack Group. These rocks have been 
divided into four formations which are, from oldest to youngest; (1) 
the Harrison Lake Formation, (2) the Echo Island Formation, (3) the 
Peninsula Formation, and (4) the Brokenback Hill Formation. The 
Harrison Lake Formation is probably correlative to the middle Jurassic 
Wells Creek Volcanics (Lowes, 1972). Jeletsky (1965) correlated the 
Peninsula and Brokenback Hill Formations within the Nooksack Group on 
the basis of Buchia zones.
Chilliwack Valley
Twenty to twenty five kilometers north of the study area, across 
the Canadian border in the Chilliwack Valley of southwestern British 
Columbia, Monger (1966) has identified a sequence of middle to upper 
Jurassic strata that may be correlative with rocks of this study. 
Volcanic rocks of probable middle Jurassic age underlie micaceous 
sandstones which tentatively have been assigned to the Nooksack Group 
or the Peninsula Formation of Harrison Lake. The clastic rocks consist 
of alternating beds of graded sandstone and shale that form a typical 
turbidite sequence (Monger, 1966).
Fidalqo Island
Seventy five kilometers to the southwest. Brown (1977a, 1977b) 
and Brown ^ (1979) described the Fidalgo Complex, which may be
partly contemporaneous with the Nooksack Group (Table 5). The Fidalgo 
Complex consists of the following sequence of rocks, from the bottom to
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the top: serpentinite, layered gabbro, plagiogranite dike complex,
spilitic and keratophyric volcanic rock, sedimentary breccia, pelagic 
argillite and terrigenous sandstone and siltstone. This sequence has 
been interpreted by Brown (1977) and Brown ^ a]_- (1979) to be an 
ophiolite of uncertain tectonic setting. Gusey (1978), who studied 
the sedimentary section of the Fidalgo Complex, concluded that these 
rocks belong to an island arc tectonic environment.
The volcanic rocks of the Fidalgo Complex are similar in composi­
tion to those of the Nooksack Group (Table 6); the overlying sandstones 
are also similar (Fig. 58). The Nooksack Group, however, lacks the 
thick ultramafic and plutonic base and the radiolarian-bearing pelagic 
sediments of the Fidalgo Complex.
San Juan Islands
To the west of the study area, between Vancouver Island and the 
northwest Washington coast, lies the geologically complex terrane of 
the San Juan Islands. Recent work indicates that the majority of the 
pre-upper Cretaceous rock in this terrane is Mesozoic (Whetten et al., 
1976; Cowan and Whetten, 1977). Rock units of particular interest to 
this study, due to their age and lithology, are the Orcas, Constitution 
and Lummi Formations.
The upper Triassic to lower Jurassic Orcas Formation consists of 
ribbon chert intercalated with pillow lava and tuff that depositionally 
underlie the fine grained, marine turbidites of the Jurassic to Lower 
Cretaceous Constitution Formation (Vance, 1977). The rocks are inter­
preted by Vance (1977) to represent the pelagic and sedimentary cover 
of a Permian or lower to middle Mesozoic ophiolite that was dismembered
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during Cretaceous underthrusting.
The upper Jurassic to lower Cretaceous Lummi Formation, which 
structurally overlies the Orcas and Constitution Formations, consists 
of turbidite sediments of volcanic and plutonic provenance. Vance (1977) 
considers the Lummi Formation to be correlative with the clastic sedi­
ments of the Fidalgo Complex. He states that the Constitution and 
Lummi Formations were probably deposited within a trench or on the 
continental rise and that these rocks are correlative with the Nooksack 
Group.
Plate II summarizes the age, lithology and approximate thickness 
of the units discussed above. Important inferences that may be drawn 
from comparing the petrology and sedimentary structures of these units 
are: (1) Late Jurassic to Early Cretaceous time was dominated by
volcanic activity responsible for the abundance of volcaniclastic sedi­
ments, (2) the predominant process of deposition appears to be turbidity 
currents, with the thickest deposits, i.e. the Nooksack Group, the 
Newby Group and the Ladner Group, filling marine basins with submarine 
fan complexes, (3) the majority of these marine basins were associated 
with magmatic arcs, and (4) the Nooksack Group is not the distal equi­
valent of the Newby Group, though it may be correlative with the Twisp 
Formation and basal portions of the Buck Mountain Formation.
Tectonic Role of the Nooksack Group 
in the North Cascade Mountains
The Nooksack Group may represent one of the following: (1) the
southern extension of the Methow-Pasayten-Tyaughton trough that has 
been transported northwestward along the Ross Lake fault zone (Davis
184
^ , 1978), (2) a sedimentary basin associated with an allochthonous
or autochthonous volcanic arc west of the Okanogan arc complex (Misch, 
1966; Hamilton, 1978), or (3) the eastern flank of a marginal basin 
related to rifting of an arc represented by the Fidalgo complex, a 
possibility proposed by the author.
At present, data on the Nooksack Group provide no evidence for dis­
tinguishing among these hypostheses. The low metamorphic grade and known 
structural attitude of volcanic rocks within the basal unit might enable 
future workers to gather reliable paleomagnetic data for the Nooksack 
Group, which would help solve this problem.
CONCLUSIONS
Sedimentary structures and Bouma intervals within the thick volcani- 
clastic portion of the Nooksack Group, comprised of the lower, middle 
and upper units, suggests that these sediments were deposited within a 
submarine fan environment. The lower and upper units, which consist 
primarily of fan facies D rocks, represent the depositional lobe deposits 
of the middle fan. The abundant fan facies C and A rocks of the middle 
unit represent the channeled middle fan deposits.
The abundant pyroclastic material of the basal unit and the composi­
tion of the volcaniclastic sandstones indicate a magmatic arc tectonic 
environment for the Nooksack Group, with the submarine fans infilling 
either a fore arc or marginal basin.
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APPENDIX I
Total (m) 
14.0
11.17
10.92
10.84
10.74
8.62
8.37
Detailed stratigraphy of a portion of the lower unit; 
USES Road 3907 and Thompson Creek Road.
93
Thickness (cm) Description
300 Alternating beds of black siltstone and
fine to medium grained (locally coarse), 
graded sandstone with laminations, 
ripples, sharp contacts and soft sedi­
ment deformation.
25 Gray, tan weathering, fine to medium
grained graded sandstone. Graded 
predominantly towards the bottom while 
the upper 1/4 contains thin, closely 
spaced, black laminations.
8.0 Black, fine grained siltstone (lutite)
with thin, medium grained laminations.
10 Gray, tan weathering, fine to medium
grained, graded sandstone with black 
laminations.
212 Alternating beds of black siltstone and
gray, fine to medium grained sandstone. 
The lower 130 cms is predominantly black, 
fine grained siltstone (lutite) with 
thin (0.1 cm or less) sandy laminations 
and ripples. The upper 82 cms has a 
greater percentage of sandstone with 
thicker (2-3 cm), gray sandstone beds 
that exhibit laminations and ripples.
Some of the thicker sandstone beds are 
graded and contain black siltstone 
clasts.
25 Gray, rusty weathering, medium to coarse
grained, graded sandstone. Grading 
occurs towards the bottom with fine, 
black laminations towards the top.
51 Alternating beds of black siltstone and
fine to medium grained, gray sandstone. 
Bedding thickness ranges from 0.2 to 
9.5 cm. The thickets beds are sandstone 
and are predominantly massive with 
occasional laminations.
94
7.86 27
7.59 52
7.07 12
6.95 56
6.39 101
5.38 5.5
5.32 6.0
5.26 15
Gray, tan weathering, fine to medium 
grained, graded sandstone with occasional 
black laminations. Bottom contact sharp, 
exhibiting load casts and troughs; upper 
contact gradational.
Alternating beds of black siltstone 
and gray, fine to medium grained, graded 
sandstone. Bedding thickness ranges 
from 0.3 to 8.0 cm but most commonly 
is 2.0-3.0 cm. Sandstone beds are 
predominantly massive with occasional 
laminations or ripples at the top and 
exhibit extreme pinch and swell.
Gray, tan weathering, fine to medium 
grained, graded sandstone with minor 
black laminations. Contacts sharp and 
undulating.
Alternating beds of black siltstone and 
gray, fine to medium grained sandstone.
The sandstone beds contain various degrees 
of rippling and crossbedding, predomi­
nantly in the lower 2.0-3.0 cm. Bedding 
thickness ranges from 0.2-5.5 cm, most 
commonly being 1.5-2.0 cm. Bottom and 
top contacts sharp and undulating.
Black siltstone/lutite with thin (less 
than 0.1 cm), gray sandstone laminations 
and ripples. Occasional thicker (2.0 
cm), fine to medium grained sandstone 
beds intervene. The sandstone beds are 
flat or only slightly wavy, not rippled.
Gray, tan weathering, fine to medium 
grained, graded sandstone with sharp, 
flat bottom contact and a gradational 
upper contact.
Fine grained, black siltstone/lutite 
with thin, sandstone laminations, 
ripples and irregular "flames" of 
sandstone from the underlying bed.
Gray to black, tan weathering, medium 
to coarse grained, laminated, graded 
sandstone. The lower 3.0-3.5 cm contain 
the coarsest material with clasts up to 
1.5 cm in length but averaging much
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5.11 140
3.71 9.7
3.61 33
3.28 13
3.15 6.5
3.84 23
less than that. The largest clasts 
are elongate, angular black siltstone. 
The lower 10.0 cm is thinly laminated 
while the upper 5.0 cm is massive and 
finer grained. The top contact is 
very irregular.
Alternating beds of black siltstone and 
gray, fine to medium grained, graded, 
rippled sandstone. Bedding thickness 
ranges from 0.1-5.0 cm. Some sandstone 
beds contain ripples with amplitude as 
great as the thickness of the sandstone 
bed (1.5-2.0 cm).
Gray, medium grained, graded sandstone. 
Contains dark, 3.0 cm wide color bands 
with thin, black laminations that become 
wavy towards the top.
Alternating beds of black siltstone and 
gray, fine to medium grained, graded 
sandstone. Beds range in thickness from 
0.3-4.0 cm. The sandstone beds are 
rippled and crossbedded, having sharp, 
wavy contacts with siltstone that 
exhibit troughs and gouges that contain 
the coarsest material. The sandstone 
beds also exhibit pinch and swell.
Gray, medium grained, laminated, graded 
sandstone. Bottom contact sharp and 
undulating. The upper 2-3 cm contain 
"swirl" structures and deformed bedding.
Alternating beds of black siltstone and 
gray, fine to medium grained sandstone. 
Beds range in thickness from 0.5-3.0 cm. 
The sandstone beds vary from thinly 
laminated (or flat ripples) to rippled 
and crossbedded. Contacts between sand­
stone and siltstone are sharp and 
undulating.
Gray, medium grained, slightly laminated 
sandstone. The upper 3.5-4.5 cm exhibit 
angular, black siltstone clasts of 
moderate size (1.0-2.0 cm in length), 
and soft sediment deformation. Sharp 
bottom and top contacts.
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3.61 53 Alternating beds of black siltstone and 
gray, fine to medium grained, graded 
sandstone with minor laiminations. Beds 
range in thickness from 0.4-7.0 cm.
Bedding contacts sharp with slight undu­
lations.
3.08 12 Gray, fine to medium grained, relatively 
massive sandstone. Bottom contact 
exhibits cut and fill structures, rip- 
up clasts and soft-sediment deformation.
* Top contact gradational.
2.96 25 Alternating beds of black siltstone and 
gray, fine to medium grained, laminated 
sandstone with wavy contacts. Sandstone 
beds range from 012-2.0 cms in thickness.
2.71 47 Gray, fine to medium grained, graded 
sandstone. Lower 3.5 cm contain the 
coarsest grains and black siltstone 
rip-up clasts. This interval contains
3 traded sequences.
2.24 18 Alternating beds of black siltstone (1.5- 
2.0 cm thick) and gray, fine to medium 
grained sandstone (0.1-1.3 cm thick).
2.06 8.0 Gray, fine to medium grained, graded 
sandstone with thin, black laminations 
and ripples.
1.98 36 Alternating beds of black siltstone (1.0- 
3.0 cm thick) and gray, fine to medium 
grained, graded, rippled sandstone.
1.62 15 Gray, fine to medium grained, graded 
sandstone.
1.47 44.7 Alternating beds of black siltstone/lutite 
and gray, fine to medium grained, in 
places, graded sandstone. Sandstone 
beds range in thickness from 0.9-5.0 
cm and exhibit contacts with underlying 
siltstone beds that contain load casts, 
troughs and rip-up clasts. The sandstone 
beds are often rippled and laminated.
1.03 5.5 Gray to black, medium grained, micaceous 
sandstone capped by 1.5 cm of black 
lutite.
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98 16
82 3.0
79 10
69 10
59 .59
.0
Alternating beds of black siltstone 
and gray, fine to medium grained sand­
stone. Sandstone beds approximately 
2.0 cm thick with ripples and lamina­
tions. Bedding contacts irregular.
Gray, medium grained sandstone with 
thin, black laminations.
Gray, fine to medium grained, graded, 
rippled sandstone topped by 2.0 cm 
of black lutite.
Gray, fine to medium grained, graded 
sandstone bed exhibiting pinch and 
swell and topped by 2.0-4.0 cm of 
black lutite.
Alternating beds of black, thinly 
laminated siltstone/lutite and gray, 
fine to medium grained, graded, 
laminated, and rippled sandstone.
1492.9 cm 
14.929 m TOTAL
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APPENDIX II: Detailed stratigraphy of a portion of the upper unit;
Glacier Creek Road and Thompson Creek Road.
Total (m) Thickness (cm) 
0 25.0
25 6.0
31 7.5
Description
Gray/black to gray/green, very fine 
grained argillite with shaly partings 
and minor internal structure.
Gray/green, rusty weathering, medium 
grained sandstone, with a sharp, 
slightly undulating lower contact.
Black to gray, rusty weathering, fine 
grained argillite with thin (1.0-1.7 
cm) interbeds and lenses of gray/green,
rusty weathering, medium grained
sandstone. Some sandstone beds are
graded. Contacts between interbeds
vary from sharp to gradational. Some
intervals exhibit irregular, black
argillite fragments in a gray, fine
grained matrix (Fig. 1).
38 3.0 Gray/green, rusty weathering, medium 
grained sandstone. Sharp, undulatory 
basal contact.
41 7.0 Alternating thin (0.5 cm) beds of black, 
fine grained argillite and gray sandstone
48 4.0 Gray/green, rusty weathering, fine 
grained argillite.
52 9.0 Black, very fine grained, shaly lutite 
with thin interbeds (0.6-1.0 cm) of
gray/green, rusty weathering, fine 
grained sandstone and white to gray
clay.
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61 10.0 Gray, fine grained argillite with 
sandstone pods.
71 5.0 Gray, rusty weathering, fine to medium 
grained sandstone.
76 30.0 Black, very fine grained argil led with 
sandstone beds and lenses.
106 4.2 Gray, rusty weathering, medium grained 
sandstone.
1.10 2.2 Black argillite.
1.12 1.3 Sandstone.
1.13 8.0 Black, very fine grained argillite with 
thin (0.2-0.4 cm) interbeds of sandstone.
1.21 1.3 Sandstone.
1.23 10.2 Dark gray, fine grained argillite with 
gradational upper and lower contacts.
1.33 10.0 Alternating medium grained sandstone and 
black, fine grained argillite.
1.43 10.0 Black, fine grained argillite with 
rusty weathering sandstone pods.
1.53 10.3 Medium grained, graded sandstone.
1.63 9.0 Black argillite.
1.72 5.0 Sandstone.
1.77 39.9 m Alternating beds of medium grained, 
graded sandstone and black to gray 
argillite. Lower contacts of sand­
stone beds usually sharp and wavy, 
upper contacts gradational.
41.7 - Fault.
41.7 14.0 m Alternating beds of medium grained, 
graded sandstone and black to gray 
argillite.
55.7
300.0 m Covered.
55.7 3.3 Light gray, fine to medium grained 
sandstone. Sharp, slightly wavy lower 
contact and gradational upper contact.
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55.73 12.0 Black, fine grained argillite with 
thin (0.2-0.4 cm), irregular, discon­
tinuous interbeds of gray sandstone.
55.85 1.5 Gray, fine grained sandstone.
55.86 2.0 B1ack argil 1ite.
55.88 1.5 Sandstone.
55.90 44.0 Alternating, thin (1.0-3.0 cm) beds 
of black argillite and sandstone.
56.34 13.0 Black argillite with thin, irregular, 
laminated sandstone beds.
56.47 9.0 Gray, fine to medium grained sandstone 
with irregular interbeds of black 
argillite.
56.56 2.5 Black argillite.
56.58 3.0 Gray sandstone with black rip-up clasts
56.61 4.4 Black argillite with thin, irregular 
gray sandstone beds.
56.65 4.0 Gray sandstone with flat cross-beds 
and ripples.
56.69 45.5 Alternating beds of gray, laminated 
sandstone and black argillite.
57.1 meters
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